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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of growing a 
carbon nanotube uniform in characteristic and directional property at a 
relatively low temp., and unnecessitating a purifying treatment on a 
substrate. 

SOLUTION: A growth starting area of the carbon nanotube 4 is previously 
formed on the surface lb of the substrate 1 and a gaseous starting material 
containing a starting material for introducing carbon is introduced into a 
reaction vessel in a state in which the substrate is arranged in the reaction 
vessel, and the carbon nanotube is formed on the substrate by further 
generating a plasma by AC glow discharge in the reaction vessel, or the 
carbon nanotube is grown in narrow pores from growth nuclei at a bottom 
part of the narrow pores by providing the narrow pores in which the growth 
nuclei are arranged, and controlling the growth direction at the bottom of 
the substrate. 
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[ mm i ] »R8ss+fcBai u&ai*±fc«r - ^ y 

tzmt*mm&®%nzuw.Ltzm&x\ ««^Affl 
Si fc t J: ^■zmmfaMzfj-tfy-fsi-x.-y 
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[000 1] 

>••?- y a - y'commu-mzffl-t i . 

[0002] 

• iftML. WiSHfcU 8 0 0-140 0°CT'M*^. 1 

5 o 0-3 o o oxrc-m&imthijwx'hh. 

t ft tytitz i] - tfy y r A ^-xmSf^mts: &BM 

hwmztix^z. 
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-7\i.*—Xy?X'% tittmBV* 9 n^^--f<r> 

WfcTSSft. fBlW)«l!6*mi:L'C«l»SnTV^4. 
[0004] iit4»(OjKm^(7)^t«^<7)-«tW^SSS 
*ffio«WS* *b*>lb OTO k 0 . 

( 1 ) *-^7 7'fA'-C-?^T 

[0005] ofc smm^mrniz-o^x 

SflWifl^inx. hZklzX*) fim^ftM B t-7 t4><- 

nmmzmq-r&iioizKct). im.tfmL<fakt& 

Zkim^tlX^h. LTftftilSPAN^;*-*' 
yyrA A— \,Z\±W$ (GeneralPurpose, GP):7V— 
HiXfm&g. (High Tensile Strength, m)^47 

t° -y 1rJkl]—$V 7 T 4 A- dte^ftt -y f-*»ft O < 
* V7x-X|t y f*iK*«||l<0±fc 2 W»3WS> 

-izmutxa*) . TOHbsrau m&mizxz 

[ooo6]^ y 7i-xie 7 f^jjaawtiiP AN 

7 t a rt~<o®-&cr>£ o zmtmftzfatt 
<xt> mpw&mwwfthti. mmmcmmh 

JWtftt (7y'7iH » 7>r2>. Wlfftt (*-* 
tr-y^^^t{i^itt$(High Hodulus, HM)?-f7* 

x%w%*<7m&mAkLx&32tix\^. «»tte 
•y -fmomettNiidt g p *v- k icjb l t t$ o Bf^w^ t* 

®mffll&K&#-*>7 r -f A- 

ft«W* 1 «*Srtt . 7kSg£=if-r 'J TtfZlz lX<y 

■tf^JBRt 1 0 5 O'Cfir&fc&ft LfcfcSUWHciS 9& 

mortft , 7r^ N'-ofiT, i*it::±£ €• mf-gsm** 



hhk^thiXX^h. 

[0007] 7t^ +2f-a- 

WCWv « BJI a -7"<i&B4$#&K& 

m^mmi^y^y^mtm^zx o#ftft 

tTH«l^*^«^Lfc^fciJl4»*i*. G. 
G. TibbetssilX SrJB wc t> Httfr? r 4 A- 

#'f#ftil.?>,rk£J. Crysi. Growth, 73 (1985) 431 T 

[0008] ».m*^TI«^(Cffl!^%#ttTfc< >- 
-T-f y^ffi(Seeding Catalyst Method) fc. 
ffi4>t#j»$*l>8SiftttjaEffi(Floating Catalyst Metho 
<0**ftS . m>tmWiX'l±7 r A K-<rfflm<Wn#\ 
Ifi^t^mXz^^t^, J^Ishioka tA&tvVTti 

xizm k zM^mmmf-^.iYjm<^m.^i}x^m\ •> 

ItLT7i u-^yk^MT^)V7^ h YaM 

i^zm^hzuzx^ii ^&7 r a ><-<r>$mtf$\±. 

•tS^t^Carbon, 30 (1992) 859 fci ^'Carbon, 30 
(1992) 865 £.mvZWffi\LX\^h . 

[0009] >-~t a yymx"&t>titz 7tj x-\m 

ts:hh 2 0 0 0'C#i£-e«Bf8&#fB£U 2 5 0 0°C 

#5fi*»^»a e <mmmtfm$L t x \ k . atbH^-c 

v!ii^O7r^A-^2 8 0 0 o CiiU:Tl!*)!l!;S-r 
4 k 7 r A K-ftmrfrfiWiZtSitty ^--fe'-f y 3 > 

[ooio] ztit><Dwm££ftmzfr&k, pan 

fc'-yf-^T'(±2^,+ 1 5 0—4 0 0°C<D#fflm-C'» 

m&ton&smtftmvhi. fsr^i 300 
*ctt3a<«!M!yi-c#i*-fks *ifc«3iw<?5#m t , 2 8 0 
0 -cimx-mit* titzmmvmwb h . z mam 
mmiz k t, =5r o xmmmm Lwsmms?? mms. 

hh. *M»Jfc»*fc»i$trta»;frtt£ vf-3Rs PAN 

^y7i-xt7fs. mffl^^offit^s, 9i 
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089/07 1 6 3fciE«L-0>S. £«#i8±, J*JE 

b^m\W)cfcWi*?3.^i>> , rofi^y. ^y-e>. 
h/px y & b"cw$mmtkm . 7 -te h V , .X ? / - 
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&*K ftHSttFe**. Mv^liFetMo, Cr, C 
eifcttMn«»£«rt^Sft.Ti$*). 

(fumed) T^i^zm^xuKtm^m^ix 

TV^S. EJ6^tt5 5 0~8 5 0T:tf>«fflT\ tfXO 
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[ 0 0 1 4 ) £ 3 LT»fe*li*-#yf-a-7*0»tt 
3 . 5- 7 5 n mfiKT* 0 . *3ttfflfi<0 5 

~i ooofgKitt*. *-*'y^HBffli§{±f-i-y 
[ooi5] 2) r-^Kma 

Nature Vol. 354 (1991) p.56-58lcEtfc$ira^i>. 7 
-^*mffii:{±. T/Prryi OOTor rO&Bfc+T 



Onm^i^ffifrFi: zm-#>+* 
-7"{ilSfl4~3 0nmt-*$ft»l^m, 2~5 0ScO 

HBSKtt 0. 34nmt/77r-fh «0JBfaH£MI{cf2(7 

[00 1 6] 4fc, T. W. EbbesenfettT-^JWiS'e 

ol. 358(1992) p.220-222tEttLTV^i. Rff£tta 

9mm. »ffitttg6mmtf0^*^$-ffl^ x 
*Tlmm*LTHl*rr&J:5RBU ^U>7A^5 0 
OTor r^Sffl^tfT^l 8V. 1 0 0 K<T)T-9fa 
m£%£.Zit&. 5 0 0TorrEim*-*'yty 
**-7cr>9fe\±>J,-% < s 5 0 0 T o r r J3Lh"Ct A* 
«4iS«li»jH-4 . ftffilWO 500Torr*£fc£ 

[ 0 0 1 7 ] 3 ) SiM«IS#7*7X^ffi 

¥7-6 180 3#&*(C^L--CV^. 

fc s T/P^y^^rt'Ol^H^T', §515: 1 0 OTo r 

*cr>-ti-#y*m&. U&iaZ^hb^mmx'fo 
&. lctm. r7Xv4 i ^ffiffii5ooo~2oooo 

(Inductively Coupled Plas 
ma) tWfflS. 

[0018] =5rfe. *Jff-a-7*Oi i; ?:-«WlCv;l- 
farfa-r. *Jl<7)-?-a-7*S:v->7'/Pf-a-7'i: 

vy^mm^wz i> tamm&m * . 

[00 l 9] J3UL*IB*t4tft6t. Hi t*^-J:3 

fflBtS^^Ltv^^Hl (a) fc^id4JS« 
^*L. H»tfM9L«l«a»i»«faT*±Hl (b)<0 

i -5 \z*tAzmzwix-frr>^x--f-3ikff)itm urn* 

*<OfflBBfcaiifc«»<0*8R56^ < L X & 0 . 7- 
^JMEfcTttHi ( c ) oj;3i:«4:it;ffirTl-? 
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Z-Ot-fhWrSlZlt A. G. RinzlerA>(±SCIENCE Vol. 2 
69 (1995) p.1550-1553 {Z^ixX^h i 0 lzj}-tf> 

7 r 4 A-co4M>fc#irt§#-*>^y 

§„ Walt A. de Heer £>teSCIENCE Vol. 270 (19 

95) p. 1179-1180 fcitfSCIENCE Vol. 268(1995) p.845 

S. 
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■ [0022] £ £> fcr-?&«Tt±±K3W f i£gTJ> 
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TitK „ ^S^IStf^HKt fcV> J: 5 &£ffcl:fcMfeir 
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[0023] Ja±*»ta«Sfl4 i dJ£SSH«tt«3& 4 ^ 
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[0031] T~s>wnmtzi3\,vctt-#>i-si- jl- 
rtm t>tiz>wmtxxf<nt. o k#£ . ■*-&*>•& 

r- 9 mxi)m±2titzmmm>t>mm% try 

y f- * - f<nmtim t> ti^t\ ^m&<r> t z 
[ o o 3 2 ] ace. immmryx^t aSMmmr 
sat (ismLi-ttt) th^mmmryx^xh 

h. fcE&VMT yX^ii-mzl OVt*#;MyTO 

BJiX'mLZ j e&7yx-?T'h Y ). 

ttStioTfe*), +tt#x. >f^y. VFtfMBC&S 

#3BJg{i!St 1 0 0"C#>4»ft< tMOO 0"CgJKT*> 
6. 

[0033] ©mEmilf r ? xv r- ? ^ 
t J; h i><Dt , affS^igl&f r^x-ec i humtffc 
m§te(±©<. r^x-r^Tiim^^^-^iw 

mryX^zit-^X^W Z<7)mi±mWMTyX-?& 

co&JKiilX l o o 0-2 ooo o-ctii-rs . ftffiWU 
mmryXTcomni. hr&rmh zff)mmx& 

[0034] *&MffM 1 tfMBfefirffiT'tt. 

^»l^r^XvtliX5X-7+tffi*^K^ri.; t 

iiffiE<ft«Si*'xr7X-7+t«m^^bf<§l^t'o-f 
*^-p<"?s **i£7?Xvfc^fc«o|8Ifc:a£-f4 

* -tK y f- a. - 7i#fc:K*S *i£ m«S=5r ff^Sft* 
[ 0 0 3 5 ] *&HJto#-*>-t/^i-yo§l2<7)8S! 

fc - ( b ) ffi!BM7LO£ffl(cft LT . 



[0036] £<^20l8B*»T«ft«iiffc»»t^ 
***i*>£J?JK £07^5-*Alfc»«Mfc«S 

[0037] £ W*$WItf>»2<0#S6Wt> »ft±£#- 

fflil<r>-Kfa&*?Z<7)Wmmfflt&ZtX\ #560 
[0038] 

[^Hj^jscomi] i mfH2<?M5m 
xu. mbm&izmrzmmttkmmtfzizfmmm 

mt lx\±, MnmmwB^tttmm&zzcomcr) 
mt3zx.&%mimtzir>x. mnrnx *) t> *- 

[0039] ft^ME«0SSftt J: oT«-^<yt/fa 

x. mm. vm<7m't>**mk-ri>gfflmzwL» 
h % izffxfrm^nt u^ntLxmf&ztffx-* 

Tmzmtx&KztizXr.x. m77^^y 
W7r^ h&mmtff8.M:-tmzmii. to* 
-^>i-y^-^~7cr>^m^mzim^h £ t 

[0040] itmmz>mt%tt*)-xy°r j 
mm^mmtfmmmLxn. 

mmwmchnthxmihzttfx'^h. ztit>± 
w,hi<\tm<m*mwtLx\$. Fe, v, 

Cr, Mik Co. N i % Cu, Nb, Mo. Pd, 
W. P t^t^afMS, y>?S4 YttMRX/S i C 
&fc>WA>il&. ^tt^^K^ 

£ t m®%it®fmx'h &Fe,c 
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[0041] ztih^mw^ht—^y-ryi-a.- 
Ltd, wx.tr. ^.titocomwhtchmw&^mi 

[0042] ffitt&rt LTS*±fcfflse§*S*ft fc 
[0043] Z-tlhVttm^tthWmxfli, 

mutux^mmkb mtiz-mzir&izx ->xn 
& ; k & . -T i o* >^xi})\m%.v>T)v 

asfes* & ; i: jc ± ossta? t h*imTh 
i. 

[0044] SfcfcSWPSfifcaafc LT^TO^-f/l- 
&kV)#X#^"t&SEM (Scanning Electron Micro 
scope: j&3!S?fl!tttt) fcfc-?*?«£aHIU:fc:S!B» 

[0045] rjajRu^ j fconTUJaTOJ: -3 
tt£< . k'<7U o &tt|Tfci±g UT^HS*"***: J: 9^ 

fct*. r»&?j t rjeata^j shsl-c 
r «tt?J fclfcMfr&i**. 

[0 04 6] r&|jftffll¥M&14 

(*T£il A. £4» 986^9**1 BfMT) T' 

[0 04 7] r^WtKHSk^fcv^fcStJifeoBgA* 
^fcU2~3/imgflb&»M Onmg**-Ci:U ft 
fc«Wte?fc 03 k § fclil&ffitf 1 0 n mS«*»A» 2- 

2 HA- a, gc+H&SPgg<7)*§£(i 7 7 X ? - k * 
^. J (1 95^-^*2 2-2 6ffB#B3) . 

[0048] #= -ri> k . *i«ffiffl9g9^ • mm 

m-ru^^9w r tM?j ossm. agco 



[0049] riiBi^cgKHQtMSO "S»jf7n 
^x7K (1 981 — 1986) a?<0*#$ 
(S) #15 «k* 1-10 0 nm(7)f»9kO£ "«[ 
?" (utlra fain particle) kBfUiC: k £ Lfc. Sk 

ni^ieaaTiifej:* i o o- 1 o 8 n< ^cdjs? 

TteX.-EttkTX'hZ. j ( rjfflWl? ■ HJWI^tt 

f»j #±«. ±naz. Ba«m St. hhhsjki 9 88 

*2^-^l~4fTB#8B> r««tt : ? t J:»)3$>fc*S 
v>i<0» ti43feK?*%«HKB«T«lKS<t* lfl 
<0«iR±» 1NI^5X^-kD«jr*iSj (|Him2^— 
1 2-1 3frB#SS) . 

[0050] KLhcoi 5 fc-HKfltttW** J.4 *T . 
&m*lZtmX flfflfj ktel nm-&/im<7>Jg 

[0051] fi»K^fflV^:V^*afc LTIi. 

^i*. ^w^xis-^m^n^k'^iSMtci^uyi/ 
[0052] -3u *aawr»«s3«i:fc i o . 

»*558fliat«*ai8fcfWW-4*&fc LTIi. FE 

(Field Emission :«#Mt) ^^WCfflV^nSWS 
^STM (Scanning Tunneling Microscope: ^$Sh>" 

S. ZtHzimr—^-^-thWJXh^^t^ 

m*. $in^&Mz%Z>umz'?x?ZttttTi5%V 

mL<nKiz%&mm<r>wtMz-?x?*m 
xn^m^^v^yy^^xr^mnx^vYk 
u ^±.-h^^,^m^Lx^-)vvu^mm< 

[ o o 5 3 ] rnKDnmizx^xn^tii^-^yi-y 
^x-y&mimmmmmmsiziFi-. ms 
(a) - <c) (±. as*i±t* -*>-^ * -TTC 

«Hltt««2jWj«8ntfttB£«6»mHk LT^ 

Lfcfcw. 03 ( a ) wsmsLttm^-zmziit: 
03 (b) wjv77 7 <-imzmmixm%. 
0>y -v vmz^f-y-yyitz&mmrmmzm^tz 

ii^-Sr. 03(c) U^jgffiS <T&S#*ft**&) £ 
[0054] *SMH^*afcfflv^5S*k LTI±. # 

xfAw^, *f6BHojBiaTm2«^aa»«TU 

*y^y-f-i-yc7)ffl^^^^$-0?>ck*^ 
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[0 0 5 5] ti>X>i-Sl- 3.-7V>fcmmklZ 
14, *IHBo» 1 fliBS^TOa&T'o-fflflK: i 0 

[0057] «*<0E*ft«ll*TLfc t i *>t\ KftSSS 

Kfcm%sftCT>E.+lb i \ 0- J ~l 0VSX^c7) 
[0058] RJ6®»rt{C*A"t*ll8IS#Affl<0M»fc 

y^y. ^fy, xfi^>, r-tf-i'y, ^y-e'y, 

[0059] wM#wm®%fiwmAimtfmf 

Srffc&S-tT. ;*-tfy^/f^-:/<^yiS:S#*ffi 
JfrStf*. 36Je^D-JWtfcLTtt, ffffltt (RF)^ 

[0060] ^-*'yty^^.-7 - {i7°7X-7+(;pe 

*3*&itr*iflittS:M« l ?t ? ; t 
iss. ^iBi«ift«ss. rjbsha&sl mzm&m 



[0061] Witf, P9»SifiBaHHkOTE 01 , K 
04 (a) fc*LfcJ3£TOttHKO«£«K> 

1 „*-Kt k ttH4 (b) SLfcJrdtTOBiFWioH 

iSSLTi>. Ktc»5J:3fcI!iILTt>a»*jMrK * 

«H*BMW«iare*v m6*. tftcc^ * y # 

[0062] fcfc, SftiBKtt, Witf4 0 0-9 0 0 
#xff , JfeI^ifi^aiBjft«£ £ fcTRfc-fi t £ 
[0063] 3SK/n-U«i: UTW ?nttfefflv*fc 

X'$>&. 1 4liv?o$£(RlRL3rV\ $>&Uil5i^ 
fc'i®iKL&ugf*:*/l^-. 1 5 {±v-f ? 
1 6(474 VI/-^-, 1 711"? -yf-y^ftVtWOST 
1 &>.±lfxmX&X\ 19\±a-jn)-X>yk 

?-xxy7frt>Kcz>ffiimxh&. mmnz, ma 
lx^^k mux. nftojia**-*-, xsaa 

[00 64] £0D8BfcfcvvC<i» *-«S**^-l 
4 tC»* 1 Lfc«R*6»» 1 1 rt?rFflSOE7) . 

mm i o - ^«^^gg^tmt & . %<mmw 
<r>s.-hm%.o)mzimLtzfmx\ -z^fafamm 

[0065]-*". Sffi^D-Scm&ftJ§5St LT^f ■? 
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ScmfilTt, Jfc«**'T^l^fc*&0!MlfiL 
OV/cmfcU:Tfc*£fc#*»"r**. 

[00 66] frfe, ±JfiLfcfc*J0«iKO*|Slt*-^ 

cowM.mmmti^^t. ^zL-r^mzm^t>m 

[ 0 0 6 7 ] 06 l=ftJSliS^fflV-iT*-*>^y^i- 
Tt&fkZit&&&n-m*7ict. B6fct5^T. 2 1 
«iRJES§5. 2 2te#|6]«ffi % UiSflcTfcS. 2 4{i 

^•y^xt-ffc^tl^. 2 6 litfXSAS, 2 
7 Jin-? U-^yri: ^-#:K>7-*^^5^^-C 

it%k'imW£tiX^&. jgt. «ffiHcogBffi(4^7^i- 
6#**<9gS^£E2K tSAtt^tjetTIRmm-l 0 0 
rani T-C7)KHT'^(CPI5T'# l> J: 3 <C LT £> & . & 
fc. *t[6]^S2 2 ^Sf*:*;!^- 2 4 fi.X^-y ? U >^ 

[00 68] Zcr>mWI,z&im/-Xyi-yi- J ,-7 t ff> 

?\ KJ&&B2 1 flO)***;^- 2 4 ££flc 1 fc-fe ••; 
V lXfrt>$mJk 2 7 iz J: 0 EUE&SI 2 1 rt^m^JEt 

arc (Wiiari o-ou*y^t) m^ttir^ 

*^:/-24£6 0 0*CfcM»U SGRtf;* (fltf.KT 
k. ifcSlcjE t T^S^TCSIltfx ( ^ 'J -7 
A«) 5r^A-T2». ^»ABBttSW)RJ6»»2 1 rtO 

XMMZti&fiK JSEEAJiWitf 5 0 0 AX;&;Ufct* 

[0069] RK»»2 1 rtfclffi&aEEAj&^JfcLTf* 
^>iXJt t i hX\ f«CR Fl!7J SrEPSn LT 7?X7 
£f&±$-£T»*: l JiT'^-tfV-ty fi-7J 



* y - 7 l tsk 1 * **w»fci* >} as*. 

10 0 7 0] Ja±KWLfc*fKBO*ttCJ:fHf . 8tn 
m^y^DVcOitflSrWU Aifcl 0nm~iU0 

*t ts^- lt v ^ <wwwp smb^s t Mzzam 

? d v^y^gf^frif^yf- jL-r<0M1Wf 

[0071] fcfc. *f6WW*2<OKafrSSto^TK 
B^-fS. *^t7)S2(7)^<7)-0iJ$-il7(c^-r. Z<r> 

umxa. t-f, mi (a)avib) t^-f a 3 

* i nmmzmiMjm 1 a £SJt*. 4*5. 

ZktfX'Z h o iJCt. 07(c) lZ7!k-t£ 3 tclS^SJI 

ntimns co&mzm 7(d) t^-ri 3 *=dEeR2 & 

HBLTfr^. i<J5«StfE2*jk&jSfcLT*-#>'^y 
■?-*-:/4£«£Stf6 (H7 (e)#BS) . 
[00 7 2] ^0*Sti5(tSiffl?LkLT{i:. g>li.{f^ 

tlf. 9 9 6*5fl^5 7HCiSfflfcBHSS 

I 0 0 7 3 ] . Sflc^tfOA 1 l<^M$rm^Sf 
*L. ^*i*IMifctT3i3*««OlB*»«(WiJf 

wtmz&s&&&^ mmi 7x:iz^^itx^m 
]£t:zft^<nw&fttzmaLxffifeom'iiQi:Wth. c\ 
nxttimtzj: •Jitii (mwm) xfr^imm 
mmizmazmitt'tz w,wmimmz> z t #r ^ 

^^0iffl?L^0l:S{i5--2 0 0nmSS•C* , ). -e^O 

fpT^mmmmmiz £->xmm& <^ozt z^mt 

[0074] ffiHM&mk txcoA i acommt. *<r> 
wsmcm + fc# *.hWR&fc % § ^» $ & £ W6 1 

[0075] d^a(cfc(ts*-?n>i-yf-A-7'co 
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BStfom i cowmu^commiza^zm^ Ltzsmtsts 

7-38, SttSBfflOBflnlvl^-3 3#A«B$il 

aw)B8«Ta6*«*L. s#*/k?-3 3fcaa$iut 

gffrl SrMftTtS-kot^oT^-l). tfXafAf 34 
*<3jW±U*. #**A*3 5li*S^R|^*# 
■o. tfxijm<54 >3 eti^-^^yr^n^ y- 

tfOE^j «• * - * — t&3tSy- >^>aSfltf)iS£*ffl}£t 

[0077] zcomwctDX-tfyi-;-? 3.-7com& 

lis **3 2fc LT«iBtiWL*irt4«»*H 
SU «MR5>f y3 6A»6EJt5»»3 2rtl!:S»lL, * 
BK^tT^*Aff3 54»/5.jR*fflJtt^X4fcl4«R 
#**J*£<Oi»TmLTRJB&»3 2fl£mg<7)JE 

1 ^i5^$-Br^coaSC#?a$ s „ a* 3 2 coiSJg 
(Wilf7 0 0x:) a«33eufcfc #xmx<§3 
4*>*>H«Xf^*Bf^<?>aa|-C8AL-C3S*3 20>«ffi 

3W31 0»~1 0 5 A-;*#/i^jEHfc1~&<Oj&W£L^. 



[0078] ?mtth^mmhtd-ztzbz\ * 
[0079] #^>fis^-*>-f y-f 3L-y<i«fLco^ 

[0080] f-a-yco*ftKtt*ft (R 

«^T'* 0 . fiflitf 07 ( e ) izjUtX o lzffijlfrt> 
J±*ajLfc«fl8t, *SU4H9 (e) fcjj*rT iotffl 

H9 (e) K^«fLJt+*r^SO«^. ft 

AI*^*^ifCcJ; 0«L^#-t-g»l<7)^H«ffi2: 

[0081] z<ttmx-%hh.hti-xy-tJi-j---7 

(4^[nm-t>-7'5^oy£7)lggS:^rL, SSJiltl On 

v ^tfrcTOWFftai^STMJSr if^ft^v-f ^ n v 
x y cofttb^ if (0* - ** y -t y f - a - ycofrflfc' 

[0082] *«b*0*2 u«KBiJ5riS6fc*J»t*fl6 

(rmz^xwrnth. znxmx'iz, *-^y^-/f- 
A-^js6^*i6i*aifiif sxr-f Ft LT<oaet*r 

2 *qR»t f> *14 . £ <0j£*tt t LT Ji5fe^ai^c0 «> ^ 

L-T*^jf7C#ffl^*T'3 0 0-1 00 0°CTT--/b 
[ 0 0 8 3 ] £ iT'Sft 1 cr>j$.g&2 ^fgftfcffifc« * 

T"<S±J6 L TSi* 1 cOFr5Et8t»ai-.S . CI ff) vx 7 5 
fc LTti, XT-f Kfc LT*jffl^rttT*itW!l?SrJBIfL3 
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tt-?&i><DZ'htltifr£h%^t)K @ (WM) #1- 
1 0 0 0 n mC0»Lc0^t#>\ gfc *M>I± 
®«S«J3Ui(?3ia[HTii!B$*ifc-e^^ L<IWJ 
1"S Z t tfX'Z I . ^ ^ 5 tf)Jft£fc{i5fctCxB^7t 

S. -f icovx^oflMtoitS-, ta-S-^a 

<toi&*-fi>. 

[0084] KMfflHt&OflbC t , ffix^/l/^-S^ <0 

-y^x-yf-y/S (0«Jitf B . E. Fisher^KJ; 
9 Ft e v i e s of Modern Physic 
s. Vol. 55. No. 4 (1983) fcpfL<S34 

£*iti^) * % ^mwmMwmmmLtz^vyyy 
i-mtzzmmLzhfyWifrZhti:^. tztzi. mm. 

[0085] ZnkottX? 5%mkl<r)$S&2* 
EjBLfcfflfclfflLT. a-* W- 

5-e*£fc#«-C&4. ;^*-*>-tyf^-7<0j&K 

M*fflv tfifiifcWtfH-C* £> . jSJHfcfcv*? 5 zm *) 

Jt--ffc, 0<OJ:-5tvx^5(7)WL32rR^!LT. Stt 
1 fc SttfrlS] ££11 L it * - *" y -T J -f * - 74 tfft h 
ilh. 

i o o 8 6 ] mz. ^*9<7)mm.mz$Lm.*mm-z> 
-ftmz^xzw-mzmi lt^-t. zwjmx-tet 

■AtfSSLT, Ni, Fe. Cof^l-lOnmg 
Jg&fitM&KJ; tmi 1(b) ottfrKffi 

TfiJffl-f4£fc ££T*ttl*KSS«k t>L 

<<i*3Sfc^Stt^<?)iI-&^4' T"3 0 0-1000 

[0087] ^^^t'±Kc7)^t|5l«tcLT*-*> 

?L3 txr^ Y2ftttfa&Rmmvmwt7-x>i-y 
^mmme £*<o£ mit:-m.x'#-#>-rsi-3. 



[0088] i&g&tzixrs&nwtk. HI 1 

( d) «J;dtvx^5(?)*flfL3$rRB*LT. Sttl 

[0089] ;<o*ffi-c»fe*i.4*-#y^y-fA-^ 

iig[nm~-9-7'S7D>-(7)iIfI2r^L, £$«2i&l On 
mHftl OjumK&S. ttz^ mil<r>&#ZKVkX'%-h 

t Lit K> -ti Z t ifiVZ 6 . jgfc . 
v >f5JSi)^ if co* -*>fyfi- 7"co£riM£(tig 

[0090] 

[ J ] JXTfcWiflwe J: *) ^if r , § t 

S^a^cOF^HtC, eS»2 0 nmCOF e N i 
(Fe 0 . 5 N i a-5 ) lMm^(Clt{l 
HBt 1 OfflgffioirtillQikiSrl. ± o fcJigSJHIfcJ: •> 
T^-h5c$^. 125 t3^-r«3©co^g<7)*;ur- 1 4±t0 
BrS&Mfcl&MU aSS^sl 1 rtS- 1 § 

xma&i 9fci "jsmLt. act, SKcoiass: 5 0 

1 0^'^*;P, xf-u-yco^-ffilr 1^X#;K *SSf0^ 
JIS: 1 0^x*;l-i: bfc. itOttBT^^ ^ DjS«tg 
A^^^^DiS (200W) $-|6«$* N ?7fy^ 
HBLTRJBSPS1 lrtfcr^XTSrj^S-fr. 30* 

/i. KDJ±iLJt^SS(?5^®$:FE-SEM (Field 
Emission-Scanning Electron Miciroscope: 'B^-ftill^ 

ssm^is^i) tTWteufcfci*, m&mvm 

*|6]tSlL7t^g--CI±IEl 2H( a ) KHZ-? x 5%m. 

g^ti o-iti oonmm-xyi~si-3.-7'tmm 
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12(b) iztfrt ;r*.-7immz 

x>i-s-i-j--~f<7)j§.mzkt'<>tiixm.r-fo~>tz. 
[0091] mm\2 

ftgMfcwmffi-klZ^ N i , Fe, Co, FeNi (F 
eo. 6 Ni 0 . 5 ) . NiCo(Ni 0 . 5 Co 0 . 5 ). AuS 

L>t. zn^(rmw&®*iizm^xm5<7&mz 

# r -±14J=IHILfe. *LT»frgf5l I2rl0-«A- 
ZAJ\s£X-$mitz1k*/iy- 1 4 £ 6 0 O'CKMft 
U K*^XT'& 5 A 

^ot(20 0W) £5li83-ti\ Vvf-y^'artS 
fSL-CSJC^l l^Cr^XvSrf^?^ 6 0#fS] 

&u izfrt>gM£jsM*izm r >ibL?z„ 

K9ajLfc^Sffi<^E£FE-SEMKJ:'5ffl5f?L 
J^t-I^, Ni. Fe, Co, F e N i RX/N i C o<7) 

ears^^asEbfcs^fetcjiHi 2(a) tr^-r 

idftltglU O-^10OnmM-^tyfa- 

*^m&iz\±^<nT±)i7 r xx-xycrmiLtfn. 

t> it *\ ij - *' > y f - a - (clt^yi Jf ©J: 
Tfc-afc. Aufr6$r*«fH 1 4fctiAg}&»S>sSr 

[00 92] Htfi0|3 

[00 933 OTW3a«3S«*ffl»Lfc. 

( 1 ) ESSfflUifcTi £»<ISR (If2 0nm) L 
fc±fcPt£*A^*ffifcJ:i5jRli(RJS4 0nm) L 
fc. $ t>VZ*<T>kXZ 1 0 n mcOJiJficDN i £j£JRU 1 
ON i 9RJg£ N VmVVfyyi -ffitJitfHRO 
l»J:W5 0nm-l Ojum^cOK-yhtf <&K 

( 2 ) P tSB! (KJd4 0 nm> *«JR Lfc^35*«W 
^MIC, ^<9#-*>V-X <CH 4 A-) 



< 3 ) :B3SfflK±fctt 1 0 nm(7))i«EcON i 

U i<l**2+Tl OOOran^LTN i§S£ig» 

[ 0 0 94 ] Z o LX&^1V&ffiZ*tL?-hM«£m 
6 fc^t^B^*^^- 2 4 £|£B L , 50513! 2 1 ft 
£#MU&2 7T1 0-^«*^a^BlLfcft. 
- 2 4 £ 3 0 0 'CtcanSft L , HifitfXT-fc S T-fe f - P y 

fc. KJ££2s2 1 l*|?)#Xff £&E:»j£ 5 0^x#;K 
T-fef-l'XOMES: 5^X#/K ^y»7AcD#E£4 0 
^x^fc&SJ^fcpgU S«lt»|SimS2 2<7) 
IfcFR«* (300W) SrEPjDtT7'7X-?Sr^±$ 
tfT3 04HH«»Lfc. «BISBElEtt2 0inin£ 

MWUfc. £US&7f£. «EEE|fflnt*7U. TyX^i 

[ 0 0 9 5 ] K 0 ft LfcEIOKKOUffifc F E - S E M 
wti, 012 (a) (cwtidififiSRl OHftl 0 

[0096] mm\A 

mz, v v7?7 4 -mfoz*m\*xi\ft<nfo&aft 

[ 0 0 9 7 ] 4-f , 53aaLtfcT i (JlJf 
20nm) Lfc±fcPt(&X"C-y^ifeK:J:0«R 
4 0 n m ) L/C. Zcr>±.t,ZUi/X h (ffiffiA : RD 2 0 

00 ; BiftJfc (tt) ) fciWUU *«WRWt^-- 
y^ffl^ji^co V777 4 -miz£ *)ffimu m«i 
r-^ N- * #t Sr ratt/o . i O Ji* 1 AW* t: i 

03 (c) fc*LfcJ:5*n«ttt<OCo5SSHBS*«lR 

[0098] z<r>mLimLitLxm^z7^mm.cr> 
*>vy- 2 4 {3isa l . kje^§5 2 1 mmm 21 x 

1 0- 6 ^X*^^T"gf^.L^ s */l-r-2 4 $r 6 0 0 

•c t jn» l , mrnux xhh^y^yt^m ziixmx 

&5VN°x^;k ^y-ff^iT^ESrO. 5^"X^t^r& 
iofclOEL. S«li:«|S)1ES2 2<'5iat:FRm* 
(300W) SrE|ttnLTr^Xv$:?|££-ttT6 0#|li 
ftftUJt. ^rfc. «ffiBBEfiUi2 0mmtii«LJt. R 

mmmLtz&nmmL. mmzm&izixfrt>mm 

[009 9] R0aBLfc^S*«O«iiffrFE-SEM 
CiOWKLJtkC:*. Hi 2 ( a) K5rfJ:3«r«S 
fci 0 0 n mo^-^y^yf-i-r^'S^^^UJafS 
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[oioo] 9mm 

[oion mum tHats^ossjbtF e n i 

SI 



K8#7. #XA 
No. 



1 7-feH> 



2 ~)V 



3 



4 



5 



6 



7 



8 



9 



1 0 ^s=H}-> 



J»e«>£KJfcit bfc fc - 3T\ v-f ? diS ( 2 0 0 w ) 

li6 0 0*CtLfc. * LTV-f ^D»tf)JHR**7L-C 

SBUS. K9ajLfc:E39EK*>»ffi*FE-SEMfc:j: 
9«39ELfc. JJEKDfcVWf-X-Cfc. Hi 2 

( a ) IZTjk-fX Z> 1 O-SC 1 0 0 n mcO*-^' 

v-fj+a.- 7tfmuzfB,£ LZWztiK &#»r k J@m 

#XNo. 5—1 0Kfc\,vr#-tf>^/^-:7#jjf 
[0 1 0 3] Hii#J6 



A t ^fliiWiDtfX B £»A Lfc . mMbomEJl £ 1 
o«;«;5r/bfcU **XA«iJ-JEEIiSE^3<7)l 
-1 OXfcLfc. ^Ak^'xBcoSffifc^coffl^rli 

[0 102] 



#XB 



St :He=l:10) 



i:t>fc«U »«S:1 7*CtSSfl:S-frT*»4>4OV03 
mffif-EPiDLT 1 0ttl^ftL/7MKftft£l£«j£3-£ 

tz.mzc\<ofo$:6m£.%p)vyWiti. 8m&%co? 

1 7°CtcS^$^T*^4 0V£7)ttE$rEpJnLT5^ 

CoS0 4 ■ 7H 2 0 5r5Sffi%S.t/ ( H 3 B0 3 §r 

2 fift%*trtPlffl*jgiSttiT»^|Sji|ffi t mzm L 
T. 50Hz, 1 5V<0358S*E&l$H8l9ttnU:. * 
OH*. ««(=l«tfcftfcllll?loJS»fcC ooSHIfrF 
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*J8 fc^tiaco^r- 3 3 coBf sfiataa 

U *$R54>3 6?RJ6£»31rt£J*»LTAW^ 

2: 5 0 s c c m<3ilUtC*ALTRJEg»3 1 ft Off* 
*50 0/u*;n:Lit. -eUT. #^»7>rr3 7* 
j^LT*KfiK£6 0 0'Cfc:U:. SS#£5£L£ 
ft, ^^»Ae34*>^U^ATl OteftttUtexf- 
l'>^t 5 0 s c c mO»£flT^ALTRJE^§l3 1 
1 0 0 O^x^/K^tT 2 0$mffiLlZ. 
*LT. **Ml7>r£iHLT. #.X*A*3 4. 3 5 

[0 1 04]»9HiLfc*K<*)*IIB£FE-SEMfc:J: 
9»KU:fc£<&. H 7 (e) fc«fcWW3SU:J:dfc 

iicco^ f-a - W«?L^ffia««t«i6 Lit 

HIH'Cffl»f*flia<o*-#y-f/f-A-7'^jRj!(t»'5. 
tote. 

[0105] %MH7 

msometmkx'hh. 

mW.no. 1 (»j£$ft4jftJHSFe«W!!£P) : 

FeSO, - 7H 2 0 5SS% 

H3BO3 2tl% 

**»No. 2 (mSilSjafifiiCojaS^) : 

CoS04- 7H 2 0 5Sa% 

H3BO3 2Sfl% 

*S*No. 3 (EjfiSftSj&ft&Nifflfi^) : 

N i S 04 • 6H 2 0 5SS% 

H3BO3 2SM% 

**»EN o . 4 ( JftSSflS j££RF e N i Wfrf- ) : 

N i S 04 • 6H 2 0 2SM% 

FeS04- 7H 2 0 2MM% 

H3BO3 2fifi% 

*iStNo. 5 <#jftS*lSjfcgaSntatSi-7-) : 

SnS04 5MS% 

H3BO3 2fi3% 



gfifl***'- 3 3<O0f«ttEtSaLTWT<%fettT 

-1 y 3 6TKJE8S3 1 l*j£#EmLT#>^ tfX^Af 
3 5*><^ 'J ^AT 1 Ofg^KL^k*?* £ 5 0 s c 
c m«SJ:T-^ALTSJE!S3i3 1 l*]tO£E;b£ 5 0 0^" 
X#;I4;:L£:. *LT, #?Hl7y7-3 7?r,-i^LTS 

«jkst4 00-60 or^iEfflrtrBfr^ast^ 

Lfc. SSfr'££L£fL #X3§A < g34fr<^.y*>A 
Tl 0«t*3RL!tT-fef-Uy^X^5 0s ccmOgJ 
ItiA L TRIEigSI 3 1 flOE^S- l 0 0 OrtxinV 

iztx6o imem u:. * lt , #jm*7 xr^ffl t 

T. tfXzIA'f 34. 3 5*^<7)^X<7)^rjEaffL/i 

frfc^+fcfflKfcEOajU *«MRffi*FE-SEM 

-CK&Uc. f^HI, Fe, Co, Ni^fctiFeN 

sK^yf-a-y^WiWSJSiiir^ite. A 

fc. 

[0106] mms 

^^isumcomxm&Lxmmwz. mzzom 
u^TJi-^-^Amizm^mi tmmizixmn^m 

Ltl. mz. N i S0 4 • 7H 2 0£5Sfi%, H 3 B0 3 

* 2ttM%^timmmmim^xmmm 1 1 mw.o 

*ft-Cj£#l**#J83-£fc. iftJtttJ: LT#Jfc3itfcN 
i mtH'OltgliR 1 0 nmTfc ofc. 
[0107] mz, as«*08fc*Lfci«<?)*;^- 
3 30Hf«{iateRBLTA>i5>»f«5-r V3 6T*R|8B! 
»3lP«i£««U #x»Af 3 5^<WJ -7AT10 

temmifoiimtfAi 5 0 s c c m*>»*c*ALTR 

fE^SS li*j<7)JE^Sr5 0 0^-x^;HcL^. ^LT, 

m& ! 7>y'3 7*j!mixm&M&5o o-cizm.%. 
Ltz . s« Lfctk fi^mxm 3 4 *^^\ u ^ a 

T'l OetftJKLfcT-fef-Uy^fX?- 5 0 s c cm<0?Ti 
St^ALTSJES5§3 1 l*IOE^$r 1 0 0 0^'xA;l^ 
t: LT 2 0 ttHRft L t . fit, L 
^"X^A'f 34. 3 5A^<9#X«9^£)£BrL;t 

ft, smL. sRas^MatLT^sR'j-^L-r 
[0108] at. .rtfjaHRfciBf *afcA*u a i z 

fiftMfet i OMAMT'^J 1 0 0 n m^ILtiffiti 
t»«L. 09 (e) t^tfflJtSrftfc. iil^SSIF 

L^HmS (139 ( e ) T'li5T'^) 5r^y y Hi: 
t. MtS1S±gf5*^l OmmSHifcfiBftry-HS 
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vViZJECDW££®MLX\^X:kZ?>. 150VTS 

[01 09] mmm9 

(*^«eD»JS) S*i LTfifjf LfcS i ?x;v-£ffl 
V\ StnSDf^-g^J: i) F e £ 2 . 5 n mtf>J!3fcj£» 
£-£fc„ itl2r**4§m%. 'v'J'>A9 6§a%^# 
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